DESCRIPTION OF

GEOGRAPHY.
SITUATION AND GENERAL DIVISIONS OF THE AREA.

The five sheets of the San Francisco folio—the Tamalpais,
San Francisco, Concord, San Mateo, and Haywards sheets—
map a territory lying between latitude 37° 30" and 38° and
longitude 122° and 122° 45. Large parts of four of these
sheets cover the waters of the Bay of San Francisco or of the
adjacent Pacific Ocean. (See fig. 1.) Within the area mapped
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F1aURE 1.—Index map of central California.

The location of the five quadrangles described in the San Francisco folio is shown by the darker
ruling (No. 193). Published folios describing other quadrangles are indicated by lighter
ruling and the proper serial numbers a.nd are included in the numerical list on the back cover
of this folio.

are the cities of San Francisco, Oakland, Berkeley, Alameda,
San Rafael, and San Mateo, and many smaller towns and vil-
lages. These cities, which have a population aggregating about

. 750,000, together form the largest and most important center

of commercial and industrial activity on the west coast of the
United States. The natural advantages afforded by a great
harbor, where the railways from the east meet the ships from all
ports of the world, have determined the site of a flourishing
cosmopolitan, commercial city on the shores of San Francisco
Bay. The bay is encircled by hilly and mountainous country
diversified by fertile valley lands and divides the territory
mapped into two rather contrasted parts, the western part being
again divided by the Golden Gate. It will therefore be con-
venient to sketch the geographic features under four headings—
(1) the area east of San Francisco Bay; (2) the San Francisco
Peninsula; (8) the Marin Peninsula; (4) San Francisco Bay.
(See fig. 2.)

AREA EAST OF SAN FRANCISCO BAY.

Relief.—The area east of San Francisco Bay ernbi'aces a belt
of hilly country lying between the bay and the western flank

. of Mount Diablo. The ridges trend generally northwest and
. southeast. Portions of two wide valleys lie within this area.

One of these is the valley of San Francisco Bay, on whose
shores stand the cities of Berkeley, Oakland, and Alameda; the
other is Ygnacio Valley, which occupies the northeast corner
of the Concord quadrangle and extends with a very flat slope
northward beyond the limits of the quadrangle to the shores of
Suisun Bay. The southern extension of this valley, up the
drainage line of Walnut Creek, is the well-defined flat-bottomed
San Ramon Valley, which sharply separates the belt of hills
above mentioned from Mount Diablo, the greater mass of
which lies farther east, in the adjacent quadrangle. The domi-

* nant range of hills is that which forms the southwestern limit

of the belt and which immediately overlooks the Bay of San
Francisco. The culminating point on this range is Bald Peak,
east of Berkeley, which stands at an altitude of 1930 feet above
sea level. Other peaks whose altitudes afford an idea of the
general height of the range are Grizzly Peak, 1759 feet;
Round Top, 1750 feet; and Redwood Peak, 1608 feet. This
range is commonly referred - to as the Berkeley Hills, although
the area to which that term is applicable appears to be rather
vaguely defined. Tt is also often referred to as the Contra
Costa Hills, but this term apparently applies more properly
to the broad group of hills between the Bay of San Francisco
and Mount Diablo. A rather well defined line of -valleys,
including San Pablo and Moraga valleys, separates this
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dominant range from the more eastern portion of the hilly
belt. The hills thus lying between the dominant ridge and
Ygnacio and Ramon valleys show a less pronounced linear
trend, are much more mature in their geographic expression,
and in general are much lower. The culminating points in
this part of the belt are Rocky Ridge (2000 feet) on the south,
and the Briones Hills (1432 feet) on the north.

In the Haywards quadrangle there is a notable sag in the

- longitudinal profile of the range, and at Haywards there is a

gap at the level of the alluvial plain, which here stands about
100 feet above sea level. This gap is the outlet of a remark-
ably open low valley known as Castro Valley.

Drainage.—The drainage of the area includes several features
worthy of special mention:

1. The dominant ridge of the hill belt does not form the
divide that separates the waters flowing directly to the Bay of
San Francisco from those flowing to Suisun Bay by way of
Walnut Creek, in San Ramon and Ygnacio valleys. The
divide runs through the center of the belt of hills, so that a
very considerable portion of the lower ground northeast of the

FRANCISCO DISTRICT.

downward corrasion by the streams, at a time when the can-
yons and valleys were deeper, and that with the passing of
these conditions others ensued which reduced the transporting
power of the streams and caused them to drop their load of
detritus in the bottoms of the canyons and valleys, making
these flat and broad, as well as helping to give the country its
geomorphically mature aspect and adding to its agricultural
value. Since these flat-bottomed valleys were thus formed
there seems to have been a slight but distinet tendency toward
a recurrence of the older conditions, indicated by the trench-
ing of the valley floors, but this trenching may be due, in part
at least, to the disturbance of natural conditions caused by

culture.

Attention may be called also to the rather noteworthy con-
vergence of drainage in Castro Valley near Haywards. Most
of this drainage is carried by San Lorenzo Creek through a
pronounced break in the Berkeley Hills.

The only other notable feature of the drainage is the fact
that the stream flowing in San Ramon Valley, the largest,
most mature, and broadest valley in the Concord quadrangle,

has cut through the allu-

vium on the valley floor at

several places, particularly
from Alamo to the village
of Walnut Creek, where it

runs on bedrock.
Soil.—The soils of the
country may be divided
into two classes. The soil
on the hillsides and ridge
tops above the level of the

that is to say, it has been
formed in place by the
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chemical and mechanical
disintegration of the un-
derlying rocks. This soil
has been modified chiefly
by the abstraction of cer-
tain  constituents which

of plants that have grown

| upon the surface and by
the addition of organic
‘matter formed by the de-
cay of the same vegetation.
On these hill slopes earth-
worms are uncommon,
probably because the soil
is very dry and parched
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FIGURE 2. —Map of vmlmty of San Francisco Bay, showing topographic features and the geomorphic divisions resulting
from the adjustment by tilting of great fault blocks.

formed, probably with
equal efficiency, by several

The eastern boundary of the Berkeley Hills block is not sharply defined; it may be drawn along a general zone of overthrust folding and faulting just ea.st kinds Of bllI'I‘OWiI] g mam-
of the Berkeley Hills, on which the Mount Diablo thrust block hasridden westward. This thrust movement antedated the tilting of blocks to the west 1 h h h .
The submerged bar outside the Golden Gate originated as a delta deposit of the stream that flowed in the old valley of San Francisco Bay before the 1al8, SucC as the gOP er

land was submerged.

The five quadrangles described in this folio are shown by heavier lines than the boundaries of other quadrangles.

dommant ridge is drained either through or around the end of
the I‘ldg‘e The southern half of the range drains through
gaps in the ridge, which form outlets to the bay for San Lean-
dro and San Lorenzo creeks. The northern half is drained
by San Pablo Creek, which flows around the end of the main
ridge, and by Pinole Creek, which flows to San Pablo Bay.

2. A second feature of the drainage of especial interest is
that, though the streams on the northeast side of the dominant
ridge are manifestly subsequent, those draining the southwest-
ern slope of the same ridge directly to the bay are as mani-
festly consequent, presenting a condition which suggests that
the slope to San Francisco Bay is of more recent origin
than the maturely dissected hill country farther northeast—a
suggestion which is more fully discussed in this text, under
the heading “Structure.” : (

3. A third feature is the prevailing alluviation of the valley
bottoms and the steep-sided stream trenches cut in the alluvium,
which do not as a rule reach the. bedrock, clearly indicating
that the former conditions in this area favored more vigorous

(Thomomys) and the
ground squirrel  (Sper-
mophilus). These animals formerly infested the region in
great numbers and have persisted there until very recently,

in spite of the efforts of the farmers to destroy them, but .

during the last few years, by more systematic efforts, the

health authorities have almost completely exterminated them,
because they are regarded as a menace to the public health as -

propagators of the bubonic plague through the fleas which infest
them.

These sedentar y soils, havmg been formed from the immedi-
ately underlying rocks, vary in character from place to place,
and here and there the slopes are so steep that little or no soil
can accumulate. The soils derived from the Cretaceous and
Eocene formations are perhaps those best adapted to agricul-

‘ture, but they lie chiefly on high ground that is cut by rather

steep canyons, so that they are not so generally cultivated as
the soils of the lower- ground. The sandstones of the Monte-
rey group, which are very quartzose, yield nearly everywhere a
light sandy soil, whereas the shale and chert formations of the
same group yield scant and poor soils. Considerable areas

~ valley floors is sedentary— -

nourished the generations
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that are underlain by the shale and chert carry no soil what-
ever, the bare mechanically disintegrated rock forming the sur-
face of the ground. The fresh-water deposits of the Orinda
formation have generally yielded deep and excellent soils,
which, however, are in many places heavy and clayey.

The soil in the bottoms of the valleys is not sedentary but
has been derived from various sources in the course of the
degradation of the surrounding hills and is excellent. It varies
from a sandy to a clayey loam and in certain localities is even
gravelly, but in practically all places it is well adapted to suc-
cessful tillage. ‘

Vegetation.—The region is almost devoid of forest. Hill-
tops and slopes are bare of trees (see Pl II) and the prevail-
ing mantle of vegetation in uncultivated tracts is composed
of the wild oat (Avena fatua) and other wild grasses (Danthonia
californica, Festuca myuros, Loliwm temulentum, and species
of Hardeum); but on the south sides of steep canyons the
slopes may be covered with a more or less dense growth of
brush. The only native timber to which the term forest
might be applied is the grove of redwoods (Sequoia semper-
virens) on the west side of Redwood Canyon, extending from
the creek to the summit of Redwood Peak. The only other
conifers in the district are the digger pine (Pinus sabiniana),
which is a feature of the lower slopes of Mount Diablo on
the east side of San Ramon Valley, and the knobcone pine
(Pinus alternate), which grows locally on the summit of the
first ridge east of Redwood Canyon.

The most abundant tree is the live oak (Quercus agrifolia),
common in canyons and on north and east slopes and also
notable for filling shallow gulches or south and west slopes of
otherwise treeless hills. The valley oak (Quercus lobata) is
characteristic of the open valleys, growing only sparingly or
not at all on the hills. It is most common in San Ramon and
Ygnacio valleys. The blue oak (Quercus douglasii) is scattered
over dry hills in the eastern part of the area. The buckeye
(Hsculus californica) grows along the bases of low hills. The
laurel (Umbellularia californica) is the commonest tree in can-
yon bottoms. It also clusters about rocky knolls on ridges and
slopes. Along the stream courses are found the red alder
(Alnus oregona) and the white alder (Alnus rhombifolia), the
latter, however, only east of the crest of the Berkeley Hills.
There are three willows, the most abundant and widely distrib-
uted being the white willow or arroyo willow (Saliz lasiolepis),
which thrives in dry gulches in the hills as well as along living
streams. The yellow willow (Saliz lasiandra) and the red wil-
low (Saliz lwvigata) are mostly confined to living streams. The

madrone (Arbutus menziesii) is rare and is found chiefly with the

redwoods but extends northward to Strawberry Canyon. The
big-leaf maple (Acer macrophyllum), the box elder (Negundo
californicum), and the sycamore (Platanus racemosa) are rare.
The California walnut (Juglans californica) grows along
streams at Walnut Creek and Lafayette. Taking the territory
as a whole, the brush-covered areas are more striking than the
wooded areas. The brush of the Berkeley Hills is composed
chiefly of nine-bark (Neillia capitata), coffee berry (Rhamnus
californica), hill scrub (Baccharis pilularis), poison oak (Rhus
diversiloba), and mountain lilac (Ceanothus thyrsiflorus and
C. sorediatus). Typical chaparral is not common, although
colonies of manzanita (Arctostaphylos manzanita) and similar
shrubs are found, particularly east of the crest of the Berkeley
Hills. Chamiso grows more or less extensively on Las Trampas
Ridge, on the hill east of Redwood Peak, and at the base of
Mount Diablo.

Climate—The crest of the Berkeley Hills is a dividing line
for the climate of this region. The climate of the area east of
the crest is somewhat like that of the interior valleys; that
of the west slope of the Berkeley Hills is like that of the coast.
In the area east of the crest the summers are hotter and the
winters are colder than in the area farther west. The sea
breezes and fogs that temper the summer heat on the west
slope have a greatly diminished influence on the east side of
the Berkeley Hills. The annual rainfall at Berkeley is about
27.48 inches, and it falls almost wholly in winter, the summer
being rainless. Snow rarely falls, even on the highest ground,
and no snowfall lasts more than a day.

SAN FRANCISCO PENINSULA.

The territory west of the Bay of San Francisco is naturally
divided into a northern and a southern part by the Golden
(Gate. South of the Golden Gate lies the San Francisco Penin-
sula, with the city of San Francisco at its northern extremity;
north of it lies the Marin Peninsula, whose most notable fea-
ture is Mount Tamalpais. '

Relief and drainage.—The San Francisco Peninsula is divided
into two parts by Merced Valley. Each of these parts has the
general profile of a much dissected orographic block having a
gentle slope to the northeast and a crest line on its southwest
margin. The culminating crest of the northern block is San
Bruno Mountain (elevation 1815 feet), and the corresponding
crest of the southern block is Montara Mountain (elevation

e For much of the information contained in this and other paragrapﬁs }

dealing with the vegetation the writer is indebted to Prof. W. L. Jepson.
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1952 feet). The structural line separating the surface areas of
the blocks is the trace of the San Bruno fault, which lies at
the base of the steep southwest front of San Bruno Mountain.
In character of relief these two blocks present an interesting
contrast. The surface of the northern block is irregularly
hilly and, except in San Bruno Mountain, shows but little
linearity in the disposition of its crests and valleys. Its geo-
morphy is fairly mature, although a characteristic feature ot
that maturity is a certain ruggedness of profile due to the
presence of formations composed of radiolarian chert. The
exceptional resistance which these offer to erosion causes the
areas they occupy to present a marked contrast with adjoining
areas composed of sandstone. San Bruno Mountain, however,
is a simple linear ridge with an immature frontal slope over-
looking Merced Valley. '

The southern block is marked by notable linearity in its
crests and valleys, and its geomorphy is in general much less
mature than that of the northern block. The most remarkably
linear feature is the valley in which lie San Andreas and Crys-
tal Springs lakes (see Pl. IX), a short segment of the San
Andreas rift valley, a feature due to repeated faulting in recent
geologic time. The trace of the fault of 1906 follows this rift
for about 300 miles. The valley is due in part directly to
earth movement but in large measure also to the mashing
of the rock in the fault zone and its consequent easy erosion.
Northeast of the San Andreas rift lies the equally linear
Buriburi Ridge, which slopes down to Merced Valley and
to the Bay of San Francisco. San Mateo Creek cuts across
this ridge transversely at nearly its widest part, draining
the valley of the San Andreas rift, both the part which
lies northwest and that which lies southeast of the point
where the creek leaves the rift to flow through a sharply
incised gorge toward the Bay of San Francisco. The position
of this trunk drainageway of the rift valley indicates that it is
a superimposed stream, the course of which was established
when the slope was mantled by softer formations, now
removed. The slope of the Montara orographic block in the

area southwest of the rift valley is dissected by a series of sub- -

parallel steep-sided canyons and intervening ridges, which are
in large part remnants of the original tilted surface. Viewed
in a large way, however, this tilted slope, taken as a whole,
from the crest of Montara Mountain to the Bay of San Fran-
cisco, presents a broadly terraced aspect. It comprises two ter-
race levels or steps, one the flat-topped ridge that is elsewhere
called the Buriburi Plateau, the general elevation of which is
about 700 feet, and the other the Sawyer Plateau, comprising
a number of flat-topped ridges that stand at elevations of 1100
to 1200 feet.

~ The crest of the tilted block known as Montara Mountain is
composed of quartz diorite and is somewhat serrate in its longi-
tudinal profile, its serration being due to its incision by the head-
water erosion of the high-grade streams on its southwest front.

- On the precipitous shoulders and ridges of the southwest face

of the mountain there are obscure traces of terraces at elevations
of 400 to 500 feet. At the base of the mountain front, but
separated from it by an alluviated valley, is a low ridge, known
as Miramontes, terminating in Pillar Point. This ridge is com-
posed of folded late Pliocene strata, which rest upon the quartz
diorite. A little north of this, at Montara Point, is a fine
example of a superimposed stream cutting through a foothill
ridge, with lower ground between it and the base of Montara
Mountain. -

The sand dunes of the city of San Francisco are notable
features of the north end of the peninsula. The sand is blown
in from the beach south of the Golden Gate by the westerly
winds and drifts eastward over the western part of the city as a
wide expanse of ripple-marked dunes. Theencroachment of the
sand is now, however, in large measure checked by the extension
of city improvements toward the beach and by the planting of
suitable vegetation in the sand to restrain its movement.

Shore lines.—The shore lines of the two sides of the peninsula
present a marked contrast. On the bay side the shore contour
is immaturely serrate, with tidal marshes and other evidences of
silting in the bays between the points, cliff cutting is relatively
feeble, and there are no clean sandy or pebbly beaches. On
the ocean side the attack of the waves has developed extended
lines of sea cliffs with sandy beaches at their bases, and the
embayments between the cliffs are filled out. This process has
proceeded so far as to give' the shore a simple and mature con-
tour, only a few short points—as, for example, San Pedro
Point—projecting seaward. The shore features, particularly
those on the bay side of the peninsula, indicate the recent sub-
sidence of an erosionally dissected land mass, and a like subsi-
dence on the seaward side is indicated by Merced Lake, which
before it was modified for use as a reservoir was a flooded
stream valley shut off by drifting sands.

Soil.—The soil of the peninsula is largely sedentary on the
gentler slopes of the surface that are underlain by the sandstones
of the Franciscan group and the comparatively soft strata of
the Merced (Pliocene) and Quaternary formations. But little
soil accumulates upon areas occupied by the radiolarian cherts
of the Franciscan group, by the serpentine associated with the

Franciscan, or by the quartz diorite (“Montara granite”). At
the base of the hills and in some of the valleys there are belts
of rich soil formed by the accumulation of alluvium washed
from higher levels. In the vicinity of San Francisco the loose
sandy soil is intensively cultivated, with the liberal use of fertil-

 izers, for growing vegetables for the local market. A part of

the hill land is adapted to cattle grazing and dairying, but the
large reserves maintained by the Spring Valley Water Co. to
keep the city water supply free from pollution have restricted

" the areas available for these industries.

Vegetation.—Climatic conditions are adverse to forest growth
on the San Francisco Peninsula. Most of the high ground is
bare of trees. In the gullies and canyons, however, there is a
more or less luxuriant growth of shrubs and low trees, compris-
ing California laurel (Umbellularia californica), coffee berry
(Rhammnus californica), creek dogwood (Cornus pubescens),
arroyo willow (Saliz lasiolepis var. bigelovii), wax myrtle
(Myrica californica), coast live oak (Quercus agrifolia), and
blue blossom (Ceanothus thyrsifiorus).

On the open hills may be found the following common and
widely distributed species of shrubs: Old man (Artemisia cali-
“ornica), bush monkey flower (Diplacus glutinosus), woolly
painted cup (Castilleia foliolosa), Ericameria ericoides, coffee
berry (Rhamnus californica), Christmas berry (Heteromeles
arbutifolia), poison oak (Rhus dwversiloba), and bush lupine
(Lupinus arboreus).

The following are the more common plants that grow on the
sand dunes and tend to restrain their movement: (nothera
cheiranthifolia, coyote scrub (Baccharis douglasii), sea fig
(Mesembryanthemum @quilaterale) (introduced), dune tansy
(Tanacetum camphoratum), Franseria. chamissonis, Roubieva
multifida, Franseria bipinnatifida, Croton californicus, Polygo-
num paronychia, sand grass (Poa douglasit), and beach grass
(Ammophila and Arenaria, introduced).

On the sea cliffs may be found a flora peculiar to these steep
and exposed slopes, comprising the sea daisy (Erigeron glaucus),
lizavd tail (Eriophylium stechadifolium), yarrow (Achillea
millefolium), seaside painted cup (Castilleia latifolia), and Eri-
gonum latifolium. A few plants are peculiar to the beaches,
such as the sea plantain (Plantago maritima), sand strawberry
(Pragaria chilensis), and beach pea (Lathyrus littoralis).

The vegetation of the salt marshes comprises Salicornia
ambigua, Triglochin maritima, Frankenia grandifolia, Atriplex
patula, Atriplex hastata, Tissa macrotheca, and Cotula coronopi-
Jolia. Near the tidal channels and in the parts of the marshes
that have been longest reclaimed to vegetation there may be
found a variety of sedges and tules, such as Scirpus lacustris
var. occidentalis, Scirpus olneyi, Scirpus robustus, Cyperus bron-
gmartiv, Juncus patens, Juncus wiphioides, and Typha latifolia.

Climate.— At San Francisco the only marked seasonal change
is due to difference in precipitation. The mean annual temper-
ature is 56° F. The coldest month is January, which has a
mean temperature of 50°, and the warmest is the period from
the middle of September to the middle of October, during
which the mean temperature is 60°. On summer afternoons a
layer of fog 1700 feet deep spreads over the city. The mean
annual rainfall is 22.83 inches, which falls in winter, the sum-
mer being rainless. The prevailing winds are westerly, and
their average velocity is 9.7 miles an hour. The mean relative
humidity is 88 per cent in the morning and 73 per cent in the
evening. At Pilarcitos Lake, about 15 miles south of the center
of San Francisco, the annual rainfall is about double that at the
city; but the rainfall decreases southeastward, along the valley
of the bay, from 22.83 inches at San Francisco to 15 inches at
San Jose. Places on the bay side of the peninsula are colder
in winter and warmer in summer than the city of San Francisco.
In winter the valley bottoms on the bay side are subject to
frequent morning frosts, but on the slopes of the surrounding
hille frosts are less frequent and less severe. In summer the
valleys may be bathed in bright sunshine while San Francisco
and the Golden Gate are mantled in dense fog. The climate

of the peninsula thus presents marked local variations, and

these variations are doubtless related to the relief.

MARIN PENINSULA.

Relief.—The Marin Peninsula presents the features of a dis-
sected mountain mass which has been depressed sufficiently to
permit the waters of the ocean to enter the stream valleys and
so convert them into bays or inlets. Its highest point is Mount
Tamalpais, which has an elevation of 2604 feet. From this
peak a ridge with a fairly even crest extends westward and
then northwestward beyond the Tamalpais quadrangle. From
the peak and crest the surface falls away in steep slopes on all
sides, in an alternation of canyons and steep-crested ridges.
The canyons are all of steep grade and have steep sides, but
where they reach the sea level they widen very notably and

their' bottoms become flaring, flat valley floors, which are

occupied for the most part by salt marshes. This description
applies particularly to the bay side of the peninsula, where
Tiburon Peninsula and San Quentin Point separate three

embayments that reach far inland to the base of the mountain |
and that are very evidently drowned valleys. On its west side



- depressed on its eastern margin.

the main mass of the Marin Peninsula has a very even steep
slope, which in part descends to the sea and in part to the
bottom of the straight, narrow valley that separates the Point

Reyes Peninsula from the mainland. This declivity ranges in

width from 1} to 2 miles and except at its southern end is not

deeply trenched by the streams that cross it. This western -

shore of the Marin Peninsula, which is without notable embay-
ments and promontories, presents a marked contrast to the
extremely indentate and irregular eastern shore on the bay
side, and the geomorphic asymmetry of the peninsula suggests
that it is a tilted orographic block, elevated on its western and
This interpretation of the
origin of its geomorphic features agrees with that given for the
north end of the San Francisco Peninsula, for, as the west or
southwest boundary of the Marin block is similar to the south-
west boundary of the San Francisco block, as exemplified in
the front of San Bruno Mountain, and as the two lie in the
same general straight line, the mainland of the Marin Penin-
sula and the north end of the San Francisco Peninsula are
evidently parts of the same tilted crustal block and have
had a common geomorphic history. This block is transected
by the Golden Gate, which separates it superficially into
two parts. The Golden Gate is without doubt the gorge of
a trunk stream which maintained itself across the block dur-
ing the slow progress of its tilting and which subsequently,
after the depression of the region, became a marine strait
through which the sea flooded the valley on the lower side of
the block.

- Besides the Golden Gate, another valley completely transects
the tilted block. This is Elk Valley, which extends across the
Marin Peninsula from the head of Richardson Bay to Tennessee
Cove. It is a narrow valley of low gradient, which has steep
mountain slopes on both sides and which lies at right angles to
the axis of the block. The bottom of this valley, though nar-
row, is alluviated throughout by the wash from the adjacent
slopes. The highest point of the valley bottom is about mid-
way between the bay and the ocean and lies between the
175-foot and 200-foot contours. This point is evidently the
headwater portion of a stream that crossed a part of the block
prior to the tilting. Rodeo Lagoon, just north of the Golden
Gate, occupies the only drowned valley on the west side of the
mainland of the Marin Peninsula.-

San Andreas rift valley.—The Point Reyes Peninsula is geo-
graphically distinct from the mainland of the Marin Peninsula
and is separated from it by a long, narrow, straight valley, the
north end of which is occupied by Tomales Bay and the south
end by Bolinas Lagoon, a lake cut off from the ocean by a
sandspit. - This forms a notable segment of the San Andreas

rift valley, and the trace of the fault of April 18, 1906, runs

completely through it. = Its straight, linear course was undoubt-
edly determined by the existence of the zone of recurrent fault-
ing which, partly by displacement and partly by excessive ero-
sion induced by rock mashing, finds topographic expression in
the rift valley.

Point Reyes Peninsula.—The dominant feature of the relief
of the Point Reyes Peninsula is a comparatively straight ridge
on its eastern margin, parallel to and close to the rift valley.
From this ridge the ground slopes, with many minor irregu-
larities, westward to the seashore. The streams that drain this
slope have in their lower stretches been drowned by subsi-

__dence, and both Tomales Bay and Bolinas Lagoon were also
formed by subsidence.

At the south end of the Point Reyes Peninsula is one of the
most clearly evident wave-cut terraces on the coast of Cali-
fornia. It has the form of. a very even topped, gently sloping
plateau, the rear of which, where it abuts against ancient and
now much degraded sea cliffs, stands about 250 feet above the

ea. This wave-cut terrace has a maximuin width of over a
mile and a half and terminates on its seaward side at the brink
of the modern sea cliffs. It is now dissected by numerous
small -streams, which run seaward across it from the high
ground on the north.

We thus have side by side—in the drowned streams and the
elevated sea cliffs—abundant evidence of the opposite move-
ments of elevation and subsidence of this part of the coast,
subsidence having been probably the later movement. It is
remarkable that although there is so fine an elevated wave-cut
terrace on the Point Reyes Peninsula there is no well-defined
trace of elevated strands on the western shore of the mainland
of the Marin Peninsula.

8oil.—The soil of the Marin Peninsula is chiefly sedentary,
so that its character in most places depends on that of the
underlying formations. The principal formation, the sand-
stone of the Franciscan group, yields a sandy loam soil, which,
however, is scant on the prevailingly steep slopes. There is
but little soil upon the radiolarian chert formations of the
Franciscan group and the associated serpentine. The sphe-
roidal basalt yields a red soil, which is deep enough to be till-
able on gentle slopes. In the valley bottoms above the limit
of the salt marsh the soil is a fertile alluvium composed of the

wash of the valley slopes. Cattle raising and dairying are the

chief agricultural industiies on the peninsula.

San Francisco
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- Vegetation.—The woody vegetation of the Marin Peninsula
is either chaparral or tree growth of various sorts. Chaparral

~ is the dominant type. It covers the main slopes of Mount

Tamalpais up to its summit and considerable areas farther
north, along Bolinas Ridge and toward San Rafael, becoming
less abundant toward the north. It includes mainly the fol-
lowing species: Arctostaphylos tomentosa, A. manzanita, A.
nummularia, Ceanothus thyrsiflorus, C. foliosus, C. rigidus,
C. prostratus var. divergens, C. cuneatus, C. sorediatus, Garrya
elliptica, Rhamnus californica, Quercus dumosa, €. wislizenii
var. frutescens, and Adenostoma fasciculatum, or chamiso.

The tree growth is confined mostly to canyons or occurs as
a scattered stand on northern slopes. In the canyons it con-
sists mainly of Sequota sempervirens, Pseudotsuga tazifolia, and
Umbellularia californica. On the lower northern slopes of
Mount Tamalpais is an open stand comprising Quercus cali-
form'ca (the most abundant species), @. garryana, and Arbutus
menziesi.

Along the streams may be found memus oregana, Alnus
rubra, and Acer macrophyllum. Associated with the scattered
oaks there is considerable Rhus diwversiloba, and the redwoods
of the canyons are accompanied by the plants that commonly
form the undergrowth of the main redwood belt, comprising
Vaceinium ovatum, Qaultheria shallon, Onalis oregana, Scoli-
opus bigeloviz, Trillium ovatum, and Clintonia andrewsiana.

On the western slope of Mount Tamalpais are a few patches
of the rare Cupressus sargentii, and in the valleys near San
Rafael is a form of valley oak that shuns the coast.

The vegetation on the west side of the San Andreas rift
valley is radically different from that on the east side. From
Bolinas Lagoon northward the eastern slope of the main ridge
of the Point Reyes Peninsula is covered with a forest which,
though not continuous, is fairly dense in the areas where it
is best developed. This forest is composed almost exclusively
of Pinus muricata, which is accompanied by a little Pasania
densiflora and Quercus agrifolia and by considerable Umbel-
lularia californica on very steep slopes. The densest part
of the forest is, however, pure Pinus muricata. The shrubs of
the Point Reyes Peninsula are northern types, which have
here their southernmost or nearly their southernmost repre-
sentation. These shrubs include Rubus spectabilis var. men-
ziesti, Ledum glandulosum, and Rhododendron californicum.

The vegetation of the marsh lands is practically the same as
that which characterizes the marshes of the San Francisco
Peninsula, already listed.

Climate.—The climate of the Marin Peninsula, unlike that
of the city of San Francisco, is characterized by fairly well
marked seasonal changes in temperature. The mean annual
temperature is 55° F., nearly the same as that of San Fran-
cisco, but the mean January temperature is 40° and the mean
July temperature is 70°. The mean annual rainfall at Kent-
field (elevation 65 feet) is 51.34 inches, which is over double

_that of San Francisco; but at Point Reyes Light it is only

30.80 inches. The prevailing winds are northwest, and theit
average velocity on Mount Tamalpais is 17.8 miles an hour.
The maximum velocities occur at Point Reyes Light. The
summer, afternoon fogs generally do not extend to the top of
Mount Tamalpals, and the upper surface of the fog seen in the
bright sunlight from the summit is a most remarkable and
beautiful sight. The coast north of the Golden Gate, particu-
larly in summer, is covered by a sea fog 100 to 1700 feet thick,
which lies along the coast with its bottom frequently a hundred
feet or less above sea level.

BAY OF SAN FRANCISCO.

The Bay of San Francisco is a submerged valley and is a
most notable example of a great harbor formed by the influx of
the sea into the low parts of a subsiding coast. (See Pl IV.)
If the region were uplifted so that the water were drained
out of the bay, the depression would not differ in its essen-
tial features from the Santa Clara, Santa Rosa, or Napa val-
leys. If, on the other hand, the coast were still farther
depressed, so that these valleys also were flooded, they would
have features entirely analogous to those of the Bay of San
Francisco. The isolated hills and some of the foothill ridges
would become islands similar to Angel Island and Goat Island,
the tributary valleys would become embayments or inlets simi-
lar to Richardson Bay and San Rafael Bay, and the inter-

- vening ridges would become peninsulas or promontories like

Tiburon Peninsula, Hunter Point, and San Pablo Point.

Before the valley of the Bay of San Francisco was submerged
there flowed through it a river that drained the great interior
valley of California. This river probably ran between the
Tiburon Peninsula and Angel Island, where, in Raccoon Strait,
there is a deep channel with a sounding of 39 fathoms.
Thence it flowed through the gorge of the Golden Gate, where
the present maximum depth of water is 69 fathoms, between
Fort Point and Lime Point. The position of this ancient
river in Raccoon Strait suggests that it was a superimposed
stream whose course had been determined when the region was
covered with soft Pliocene formations, which have since been
carried away by erosion.

The waters of the bay that lie away from the main channel are
compdratively shallow. From Raccoon Strait to San Pedro
Point the main channel has a maximum depth of 16 fathoms
in the narrowest place, but the depth of the water in general in
this part of the bay ranges from 4 to 8 fathoms. The channel
through San Pablo Bay at most places beyond San Pedro Point
does not exceed 4 fathoms in depth, but it deepens notably
at Carquinez Strait, where it is constricted. The water in
San Pablo Bay is shallow, its depth averaging perhaps 7 feet
at low tide. In the area between San Francisco and Goat
Island the maximum depth is 20 fathoms, and south of this
area the deeper water channel has in general a depth diminish-
ing from 10 fathoms to 6 fathoms, with rather shallow water
on both sides. The fact that the deepest channel lies in the
most constricted parts indicates that these depths are maintained
by tidal scour and that the present deep-water channel can not
be assumed to represent throughout its course the trench of the
ancient river.

Before the submergence of the valley now occupied by the
bay the streams draining the surrounding hills flowed down
over more or less gravelly or sandy bottoms to the trunk drain-
ageway and spread gravel and sand over the valley bottom.
As subsidence proceeded these gravels and sands became buried

by finer silts. This process continued by stages, so that
beneath the floor of the valley and beneath the bay there is an

alternation of sands or gravels with finer silts or clays, and
some of these deposits contain marine fossils, which have
been discovered by boring. This recurrent burial of fluviatile
gravels and sands by fine silt or clay involved many changes
in the courses of the stream channels as they ran out from the
canyons over the floor of the valley, but each of these gravelly
channels, whatever its course at any stage of the infilling of
the valley, remained connected as a strip of sand and gravel
with the portion of the stream that lay above the zone of aggra-
dation. Thus were established the conditions of an artesian
basin, the features of which will be further described under the
heading “ Economic geology.”

The Bay of San Francisco is evidently a submerged land
valley, and the geomorphic features of its periphery and the
valley itself were manifestly shaped by the ordinary agencies
of erosion, but as the valley lies on the relatively depressed
sides of the San Francisco-Marin and Montara crustal blocks
it was probably in large part outlined by the movement
that tilted these blocks, and to that extent it is of diastrophic
origin. A second movement of depression appears to have
affected the region as a whole and allowed the sea to enter the
gorge at the Golden Gate, which had been cut by stream
erosion across the crest of the rising side of the northern block.
That the earth movements in this region were not simple is
shown by the fact that on the southeast side of San Pablo Bay
and about the west end of Carquinez Strait there are wave-cut
terraces and elevated deposits of marine shells of species that
are still living; whereas in the area south of San Pablo Bay
there are no such terraces or elevated late Quaternary marine
deposits. The evidences of uphit on San Pablo Bay appear
on a third and quite distinct crustal block, represented by the
Berkeley Hills, and the only place where this block touches
the Bay of San Francisco is at San Pablo Bay. The Hay-
wards fault, which skirts the western flank of the Berkeley
Hills, is in the zone of dislocation between this block and the
block on whose depressed side lies the greater part of the bay.

Outside of the Golden Gate, extending out to the Farallon
Islands, there is a broad submerged embankment, which lies.
beneath an area of very shallow water. (See fig. 2.) This
embankment probably in part represents the delta of the
ancient river that once flowed through the Golden Gate before
the depression, but it has been also in part built up by deposits
of fine silt, which in the flood season are carried through the
Bay of San Francisco and dropped outside the Gate.

GEOLOGY.*
STRATIGRAPHY AND AREAL GEOLOGY.

GEOLOGIC FORMATIONS OF THE MIDDLE COAST RANGES.

The middle Coast Ranges of California, within which lie the
quadrangles described in this folio, are composed of many dif-
ferent kinds of Tock, both i igneous and sedimentary. The geo-
logic history of the region is varied, including records of depo-
sition, erosion, diastrophism, and voleanic eruptions, and the
geologic structure is correspondingly complex and interesting.

aThe geologic mapping of the area covered by this folio has afforded an
opportunity for training in field geology many students in the University of
California, who have contributed observations that are recorded in the text.
The list of these contributors is long, however, and the same ground has:
been worked over by different students, so that it is impracticable to make
individual acknowledgments for the aid rendered. The nominal author of
the folio is familiar with all parts of the field and assumes responsibility for
the correctness of the observations made and conclusions reached in the
work done under his direction, but he gratefully acknowledges his obliga-
tions to all who have aided in this work.

In the study of the fossiliferous formations the author has had the active
cooperation of Prof. J. C. Merriam, whose contributions, with those of his
students, have been indispensable in unraveling the intricate geology of the
Concord quadrangle. All the fossils named in the lists here published have
been identified by Prof. Merriam.




The formations comprising the sedimentary rocks are graph-
ically represented in the section on the columnar-section sheet.

‘The oldest known rocks are certain quartzites, limestones,
and crystalline schists, which are best exposed in the Santa
Cruz, Santa Lucia, and Gabilan ranges. The age of these
rocks is not yet known, but some of them are probably early
Mesozoic and some are possibly Paleozoic.

These older rocks are intruded by the granitic and dioritic
rocks of the ranges just mentioned and their extensions north-
ward through Montara Mountain, the Farallon Islands, and the
Point Reyes Peninsula as far as Bodega Head. - -

Upon the eroded surface of the complex of plutonic and
metamorphic rocks rests the Franciscan group, composed chiefly
of sandstones; radiolarian chert, foraminiferal limestone, and
lavas, associated with which are intrusive masses of spheroidal
basalt and serpentinized peridotite. These rocks are widely dis-
tributed in the middle Coast Ranges, occu:ring notably in the
Mount Hamilton and Mount Diablo ranges, about the Bay of
San Francisco, and in areas north of the bay.

Upon the Franciscan group the Shasta series (Lower Creta-
ceous) rests in unconformable relation, and npon this group lies
the Chico formation :(Upper Cretaceous). These Cretaceous
formations were once coextensive with the territory now oceu-
pied by the present Coast Ranges, and although removed by
erosion over large areas where the Franciscan and older rocks
now appear at the surface, they still constitute one of the largest

- elements in the stratigraphy of the region. . They are composed

chiefly of shales and sandstones and in the ranges north of the
bay have a measured thickness of between 5 and 6 miles. The
Eocene rocks, which succeed the Chico, are much less widely
distributed. They comprise two assemblages of sandstones and
shales known as the Martinez and the Tejon formations, which
near the Bay of San Francisco aggregate between 4000 and
5000 feet in thickness and in the area farther south are prob-
ably much thicker. Evidences of unconformity between the
Eocene and Cretaceous rocks have been observed in some
places, but the discordance is not very pronounced. The
fossil faunas of the two series are, however, very different.
Some strata referable to the Oligocene series have been
observed and recorded, but the next great group of rocks is of
Miocene age and is known as the Monterey group. The for-
mations of this group have a wider distribution south of the
Bay of San Francisco than those of Eocene age, and in some
places they rest directly upon Cretaceous or older rocks, neither
the Martinez nor the Tejon intervening. The most character-
istic feature of the group is its content of bituminous shale,
with which nearly all the oil of California is directly or indi-
rectly associated. These shales alternate with sandstones, and
the basal formation of the group is at many places conglom-
eratic. The group attains a thickness of several thousand feet,
and in areas where it rests upon the Focene the superposition
is unconformable. = The rocks of this group were doubtless

~originally deposited over the greater part of the area of the

Coast Ranges from the Bay of San Francisco southward, but
sivce their deformation and uplift they have been extensively
eroded. Their remnants, however, form a considerable element
of the stratigraphy of the region. . ‘

The next overlying formation, the San Pablo, is unconform-
able with the Monterey group and is much less widely distrib-
uted. In itssouthern areas the discordance is strongly marked,
but in some of the northern areas it is scarcely discernible.
The rocks, which are chiefly marine sandstones that are locally
intermixed with tuffs, are found on both flanks of the Coast
Ranges. Their thickness in the best-known sections ranges
from 1500 to 2000 feet. '

Above the San Pablo unconformably, but in few places
resting directly upon it, lies the Merced formation, a thick
accumulation of marine sandstones, clays, and conglomerates,

which were laid down in Pliocene time in deep local troughs -

that sank as fast as the sediments were deposited. These
basins of Pliocene marine deposits were apparently confined
to the coastal side of the Coast Range region. On the inland
side of that region similar geosynclinal troughs were devel-
oped to corresponding depths, in which accumulated fluviatile
and lacustral sediments, constituting the Orinda® formation.
The Orinda and}Merced formations are each more than a mile
thick. Interstratified with the beds of both formations are
layers of volcanic ash. ‘
Upon the Orinda and Merced lie various lavas and volcanic
tuffs alternating with lacustral clays, limestones, and sand-

stones. Of these lacustral formations, the Siesta® (Pliocene)

and the Campus® (Pleistocene) are the most extensive.

The later Quaternary formations comprise marine shell beds,
sands, and clays overlain by a thick deposit of alluvium that
is rich in the bones of extinct Mammalia. ’

PRE-FRANCISCAN ROCKS.

CHARACTER AND DISTRIBUTION.

The oldest rocks of that part of the Coast Ranges which is
here especially considered comprise the quartz diorite (““Mon-

aIn this folio the names Orindan, Siestan, and Campan have been
changed to Orinda, Siesta, and Campus. The names originally employed
have been in use for more than 12 years and the author prefers them.
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tara granite’”) and some fragments of the formations into
which that rock was intruded as a batholithic mass. In the
southern Coast Ranges these pre-granitic formations constitute
a large volume of strata, of unknown age, made up chiefly
of crystalline limestones, quartzites, and schists. They are
exposed on the flanks of the Montara batholith in Santa
Cruz County (see Santa Cruz folio, No. 163) and on the
Point Reyes Peninsula in Marin County, according to F. M.
Anderson.*

GAVILAN LIMESTONE.

Only one of the pregranitic formations, the Gavilan lime-
stone,” which takes its name from the (Gabilan® Range, between
San Benito and Salinas valleys, is represented in the area here
described. It occurs only in isolated masses included in the
quartz diorite of Montara Mountain, in the southern part of
the San Mateo quadrangle. This limestone is a coarsely crys-
talline marble in which the calcite crystals show striations due
to multiple twinning. Besides the carbonate of lime of which
it is chiefly composed it generally contains a considerable pro-
portion of magnesia, some silica, and some carbon in the form
of lustrous flakes of graphite. The silica may occur in the
form of silicates, such as wollastonite, which is abundant in the
same rock on the Point Reyes Peninsula. ‘

QUARTZ DIORITE (‘“MONTARA GRANITE”).

The so-called “Montara granite” is a coarse-grained gray rock

made up of quartz in-abundance, plagioclase, orthoclase, and
biotite or hornblende. One common facies of the mass con-
tains both biotite and hornblende. In an earlier paper the
writer stated that the rock is a hornblende-biotite granite, but
subsequent examinations have shown that a facies of the mass
which contains no hornblende but includes biotite is perhaps
more widespread than that in which hornblende occurs either
in association with biotite or alone. It was found also that
by an increase in the proportion of plagioclase the rock at
many places passes into quartz diorite, so that this designation
is petrographically more correct for the mass as a whole, and
the term granite is justified only by popular usage. Titanite
and apatite are common accessories and titanite is locally
abundant. The rock is more or less deeply weathered so that
it is disintegrated in almost all its exposures except those on
the shore and in the deeper canyons, where corrasion is rapid.
The mass is at some places characterized by blotchlike inclu-
sions of a dark, more basic rock and contains small dikes of
aplite and pegmatite, two rocks that are in places intimately
associated and locally include small crystals of garnet and
magnetite. The rock shows occasionally a foliated or gneissic
structure, which is clearly due to deformation, and evidences of
deformation appear in the microscopic structure of the rock
even where no foliation is apparent.

The quartz diorite makes up the bulk of Montara Mountain,
a bold ridge nearly 2000 feet high, which extends from north-
west to southeast across the southwest corner of the San Mateo
quadrangle. ‘The ridge affords two complete and easily acces-
sible transverse sections, one on the coast between San Pedro

-Point and Halfmoon Bay, the other on the road from Crystal

Springs to Spanish Town, along Pilarcitos Canyon, just beyond
the southern border of the quadrangle; and the rock is well
exposed over the greater part of the surface of the ridge, some
of the slopes being mantled with a coarse arkose sand resulting
from its disintegration.

Along the northeastern slope of Montara Mountain the
quartz diorite is flanked by sandstones, grits, shales, and con-
glomerates of probably Focene age. These lie directly on the
worn surface of the quartz diorite and dip away from it to
the northeast. At the northwest extremity of the mountain
the sandstones and basal conglomerate mantle over the axis
of the ridge and rest at low angles upon the quartz diorite, as
may be easily seen on the coast road near the Devil’s Slide.
‘At Pilarcitos Lake the plane of contact of the sandstones and
quartz diorite has a lower angle than the slope of the moun-
tain, so that an isolated outcrop of the underlying rock appears
as an inlier in the sandstone at the south end of the lake. At
places farther north these Kocene rocks appear to be faulted
down against the rocks of the Franciscan group and in the
earlier reports they were assigned to that group, although their
difference from the normal type of Franciscan rocks was pointed
out and the desirability of segregating them was suggested.

In the area southeast of Pilarcitos Lake the quartz diorite
is bounded by a fault that brings the Franciscan against it.
The southern limits of the quartz diorite lie beyond the San
Mateo quadrangle and are mapped in the Santa Cruz folio.

On the strip of land between the mountain slopes and Half-
moon Bay and in an area lying farther north, between that
bay and Seal Cove, the quartz diorite is covered by alluvium
composed of its own débris, which has been spread out by

aCalifornia Univ. Dept. Geology Bull., vol. 2, No. 5.

b Becker, G. F., U. 8. Geol. Survey Mon. 13, p. 181, 1888.

°This name, Spanish for sparrow hawk, is spelled Gavilan in modern
orthography and in the geologic literature of California. The United States
Geographic Board, however, has decided in favor of the older form Gabilan
(pronounced Gah-vee-lahn') for the mountain range.

alluvial fans formed by streams that run down the mountain
slopes. Near Seal Cove the quartz diorite, as may be seen in
the sea cliffs, forms the basement on which rests the littoral
Merced formation. Here a Pliocene terrace cut in the quartz
diorite and encumbered by beach material stands only a few
feet above the present sea level. From Seal Cove to the
Devil’s Slide the quartz diorite forms the shore of the Pacific.

The quartz diorite area of Montara Mountain thus outlined
is only a part of a much more extensive mass. It is in reality
but an inlier of a granitic terrane which certainly extends from
Santa Cruz to Bodega Head and which emerges from beneath
the overlying mantle of Mesozoic and Tertiary sediments in
the Santa Cruz Mountains, Montara Mountain, the Farallones
Islands, the Point Reyes Peninsula, and Bodega Head. This
great batholith has an extent from northwest to southeast of
not less than 120 miles and may even be regarded as the
continuation of the similar rocks of the Gabilan Range. The
mountain mass of which this was the core was truncated by
erosion, the overlying stratified' rocks of the crust into which
it was intruded were removed except some remnants on its
flanks, and a large part of the quartz diorite itself was worn
away prior to the submergence which permitted the deposition
of the sediments of the Franciscan group.

ITURASSIC (?) ROCKS.
. FRA'NCISCAN GROUP AND ASSOCIATED IGNEOUS ROCKS.

" CHARACTER.

The Franciscan group was named from San Francisco, where
it oecurs in extensive exposures, from which it was first described.
It comprises (1) a voluminous accumulation of sedimentary for-
mations, some of them clearly marine, others doubtfully so;
(2) some intercalated lavas of contemporary age; and (3) cer-

tain crystalline schists produced by the metamorphism of both

the sedimentary and the igneous rocks.

The formations of the Franciscan group are pierced at many

points by igneous intrusives, which are so intimately associated
with the sedimentary rocks, both as to age and as to distribu-
tion, that they constitute one of the most characteristic features
of the group and they will therefore be briefly described in
connection with the Franciscan rocks. This treatment is also
desirable because these intrusives produced the metamorphism
that formed the crystalline schists and so gave to the Fran-
ciscan group one of its most interesting features.

The sedimentary rocks of the group comprise (1) sandstones,
conglomerates, and shales; (2) limestone; and (3) radiolarian
cherts. The igneous rocks are (1) basalt or diabase, in many
places having a strongly pronounced spheroidal or ellipsoidal
structure, (2) peridotites, which have in general become thor-
oughly serpentinized. The dominant rock in the crystalline
schists is glaucophane schist, which is so abundant in them
that the schists as a whole are commonly referred to as “the
glaucophane schists,” although other varieties of crystalline
schist are associated with them.

STRATIGRAPHY.

Owing to the general absence of fossils from the sandstones
of the Franciscan group and to the similarity of these rocks at
several horizons, as well as to the general obscurity of their
planes of stratification, only the broader features of the stratig-

raphy of the group can be determined; but although these

sandstones are not susceptible of subdivision and correlation

-by means of their petrographic character or their faunal con-

tent, two radiolarian chert formations that occur in them
constitute- well-defined and easily recognizable stratigraphic
horizons that traverse the group.- As neither of these cherts
forms the base or the summit of the group they serve to divide
the Franciscan sandstones into three distinet formations, which,
with the cherts themselves, constitute the five formations of
the group. Very few sections of the Franciscan rocks, how-
ever, include all five of these formations. Some sections com-
prise only the lower part of the group, others only the upper
part, but as the sequence is constant these partial sections may
be combined to construct a complete stratigraphic column.

The formations which by this mode of division constitute
the Francisean group are as fellows, the series beginning at the
top: ’ »

Bonita sandstone. :

Ingleside chert (radiolarian chert).

Marin sandstone.

Sausalito chert (radiolarian chert).

Cahil sandstone (including Calera limestone member and
some volcanic rocks). :
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